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Estimates of Potentially Mineralizable Soil Nitro~en Based on Short-Term Incubationsl

GEORGE STANFORD, J, N, CARTER, AND S, J, SMITH2

ABSTRACT stant, weeks -I), Estimates of No from short-term incubations
. ,... , were similar to those derived after extensive periods of incu-

NItrogen mIneralIzatIon potentials were determIned for a b t ' P ' b t . f ' I ' . d ' d t d. ,. . a Ion, remcu a Ion 0 SOl S IS requITe m or er 0 ecompose
large number of soIls by a method InvolvIng determination of I t .d d f th .bl t d E t. t, . ,., pan res I ues an or 0 er pOSSI e reasons no e, sima es
N mIneralIzed after several consecutive IncubatIons at 35C f N f I.. , b t ' ' I Th ' Ii.. . . . 0 0 rom pre Immary mcu a Ions are meanIng ess, e Imp -
under optimum so.l water conditions, The determInation of N t . f N b ' f d ' t ' t f ' I N .

, " , ' ca Ions 0 0 as a as IS or pre IC mg amoun s 0 SOl mmer-
mIneralIzatIon potential, No, based on the first-order equation, I' d d H t t . t t d .1 t d't 'I (N N ) I N k 2 303 ' I b ' d II a Ize un er uc ua mg empera ure an SOl wa er con lions
og 0 - t = og 0 - tl, ,IS a onous an usua y d ' d, , b . ' d f 8 k h are Iscusse ,

requITes mcu atlon peno s 0 wee s or more. From t e
present study, involving soils from major agricultural areas Add .t ' I I d W d I t 'd d .t '

t" Ilona n ex or s: p an resl ue ecomposl Ion, em-
throughout the UnIted States, It was demonstrated that No t .1d ' ki t ' f ' I N . I. t '

Id b . d I' bl f h f N . I' d per a ure, SOl rymg, ne ICS 0 SOl mmera Iza Ion,
cou e estimate re la y rom t e amounts 0 mmera Ize
during 2-week incubations following preliminary incubations of
1 to 2 weeks, From the above first-order equation, No = NIl " " .
(1-10-kt/2.303), Hence, for a 2-week incubation (t = 2), No = THE .SOIL nitrogen ml~erallzat~on pote?tlal, No, ,has been
9,77Nt (Nt = N mineralized in 2 weeks and k is the rate con- defmed as the quantity of soil organic N that IS suscep-

tible to mineralization according to first-order kinetics (11).

l C .b . f h I Ph . I I I .11 Stanford and Smith (II) presented a method for obtaining
ontn utlon rom t e Pant YSIO ogy nst" Be tSVI e, .Md. 20705; Snake River Conservation Res. Cent., Route I, No based on the equation, log (No -NJ = log No -

Box 186, Kimberly, 1.daho 83341; and US Agr. Water Quality kt/2.303 in which N, denotes the cumulative amount of N
Management Lab.,. Durant, Oklahoma 74701, respectively, mineralized during a specified period of incubation tARS, USDA. Received July 6.1973. Approved Sept. 13. 1973. . "

" Soil Scientists. and k is the rate constant. After several consecutive incuba-
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Table I-:N!trogen ~ineraliz~tion pot~ntia~s and other charac- Table 2-Regression of N mineralization potential, No, derived

tensbcs of soIls from eIght locatIons m Idaho (fall from five consecutive incubations (Y) on No calculated

sampling, 1972) from 2-week incubations following preliminary
!:); I-week incubations (X) ..,

Soil N,(=6. 5 x N. (eat. Nj. ao
pH Total 0011 Irom 2-week ~ 01 Number Regreooloo 'c

wcatloo Depth (avg) N cooteot t.N At Y,) Incubatloo) total N Soil aDd 01 0011 Meaoo (ppm N) coeUlcleot,

cm % - ppm- locatloo oymbol sampleo Y X AY/AXt r'
0-15 7.8 0.058-0.003' 101- 2 100-10 17.4 PIO. Trueodalel 9 83 85 1.24-0.33 0.92

PIO. Trueodale I 15-30 0.060 - 0.003 105 - 8 100 - 4 16.7 P20. Bahem vIal 9 73 73 0.94 - 0.36 0.84
30-45 0.042-0.002 44- 2 55- 4 10.5 P21. Powersll 9 113 116 1.00-0.31 0.90

PliO. Portoewoll 9 103 109 1.05-0.49 0.78
0-15 8.0 0.048-0.003 85- 6 91- 5 17.7 Pili. Portoewoll 9 117 127 0.89-0.22 0.94

P20. Bahem vIal 15-30 0.048 - o. 002 80 - 3 73 - 6 16.7 P160. Declo I 9 104 95 0.89 - 0.33 0.87
30-45 0.046 - 0.002 52 - 8 57 - 10 11.3 P220. Portoeur all 9 70 73 1. 16 - 0.33 0.91
0-15 7.3 0.096-0.003 156- 6 155-28 16.3 P222. Paocherloll 9 108 103 0.97-0.16 0.97

P21. Power all 15-30 0.080 - 0.002 125 - 3 124 - 11 15.6 , Commoo regreooloo baaed 00 covarlaoce (6):
30-45 0.052 - 0.003 60 - I 69 - 5 11.5 Y = 0.6 + (0.98 - O. 09)X: r' = 0.90.
0-15 7.4 O. 087 - 0.001 136 - 14 148 - 6 15.6 Total (pooled) rogreooloo. IgDOring covariaoce:

PliO. Portoewoll 15-30 0.085-0.001 119-17 108- 2 14.0 Y=2.1+(0.96tO.09)X;r' -0.90.
30-45 0.061 - 0.002 53 - 2 70 - I 8.6 t Value lollowlog - 10 the product 01 the otaodard devlatioo 01 the regreooloo coeUlcloot,

0-157.50.092-0.005178-23 195-36 19.3 ~.aodlt.."I.e.,thefiduclalllmltooltheolope(6).Note:lt..,lor7d/=2.365.
Pill. Portoew all 15-30 0.078 - 0.006 124 - 9 128 - 14 15.9

30-45 0.046 - 0.004 49 - 7 58 - 12 10.7

0-15 7;4 0.085-0.004 134- 4 124-22 15.8
PI60. Declo I 15-30 0.080 - O. 004 122 - 4 108 - 4 15.3 .

30-45 0.060-0.003 57-10 54-27 9.5 scrIbed in an earlier report (II), it suffices to note that this

0-15 7.5 0.081 - 0.001 123 - 15 118 - 10 15.2 group comprised 39 soils differing widely in various character-
P220. Portoew all 15-30 0.070 - 0.0 59 - 6 59 - 2 8.4 istics

30-45 0.050 - 0.001 29 - 0 43 - 7 5.8 '... . ..
0-15 76 0097-0005 144- 5 138- 8 148 N Mmerallzatlon Procedure-The mmerallzatlon procedure

P222. PRocherl all 15-30 . 0: 092 - 0: 003 136 - 12 135 - 12 14: 7 described by Stanford and Smith (11), involving initial re-

30-45 0.045 - 0.009 43 - 12 37 - 11 9.6 moval of mineral N by leaching with O,OIM CaCI2, followed
, Staodard dovlatloo 01 m.o 01 three ropllcateo. by a series of incubations at 35C with intermittent leachings

and determination of mineral N, applies to the group of 39

soils, For the Idaho soils, the procedure was modified as fol-

tions at 35C over a period of 30 weeks with intermittent lows: (i) ~he .soil sample (40 g) was mixed wi~h 7 g of exfoli-

leachings and determinations of N mineralized, N was es- ?ted verm~cullte (ground t? pass a 20-mes~ s~eve) .and placed
, . 0 m a leachmg tube (approximately 100 ml; mslde diameter, 42

tlmated from the regressIon of log (No - NJ on t, mm). [Note: 15 g of soil mixed with 15 g of sand was placed

The foregoing study, involving 39 diverse soils, provided in a 50-ml leaching tube in the earlier study (11)]; (H) Fol-
a reliable basis for exploring less laborious, alternative lowing an initial I-week incubation and leaching, samples were
means of estimating N . For example, with each soil the incubated, with intermittent leaching, for periods of 2, 1.6, 2,3,

). ~o .. and 3.7 weeks (two upper l5-cm layers) an~ 2, .3, 2, ~nd 3.4 ,
regressIon of N~ on t, was essentla~ly Imear, The slopes weeks (30- to 45-cm layer), (Note: Cumulative mcubatlon pe-
of these regressIons, m turn, were Imearly related to No riods are 1, 3, 4,6, 6,9, and 10.6 weeks and 3, 6, 8, and 11.4
according to the equation, N = 6.5 (~Nt/ ~t~). The weeks as plotted in Fig. 1, respectively); and (Hi) Incubated
latter relationship provides an i~direct means of estimating samples were leached with 150 ml of O,OlM CaCl2 and 15 ml
N .., of minus-N nutrient solution instead of 100 ml and 25 ml, re-

o based on mcubatl~n peno~s much shorter. th~n 30 spectively, as in the previously reported method (11).
weeks, However, the tIme requIred (8 weeks) still IS ex- Chemical Analyses-Idaho soils were analyzed for total N
cessive. by a standard macro-Kjeldahl method (5), Soil pH was deter-

A recent greenhouse study (10) indicated that N has mined with the glass electrode using a 1:2 soil/water suspen-
. " I . d '. f 'I N . 0 1' d sion, Following each incubation, mineral N,(NH4 + NOa)-N,
mtnnslc va ue m pre Ictmg amounts 0 SOl mmera IZe d t ' d b d ' f ' d C th d (7) Th 1. ., , . was e ermme y a mo I Ie onway me 0 . e vo-
under specIfIed envIronmental condItIons, However, suc- ume of leachate was adjusted to 170 ml with distilled water, and
cessful application of the concept will hinge on developing a 4-ml aliquot was taken for analysis. The other 39 soils were
a reliable short-term method for determining N , In the analyzed for mineral N by a macrodistillation method previ-

d h d f ., f 0 ously described (11),

present stu y, a met 0 0 estlmatmg No rom amounts of M th d f E t ' t . N E t. t f N f 39 ' I, ", ,., e 0 s 0 sima mg 0- sIma es 0 0 or SOl s,

soil N mmerallzed dunng short-term IncubatIons IS pro- based on 30-week incubations, are recorded elsewhere (11),
posed, Since, as discussed earlier, No = 6.5 '(ANt/ At~), this expres-

sion was used to estimate No for the Idaho soils, based on all
MA TERIALS AND METHODS incub?tions, , .

Estimates of No from short-term mcubatlons were made as
Soils-In 1972, eight rate-of-N field experiments on sugar follows, Solving f?r No in the eq.uation, log (No - Nt> = log

beets (Beta vulgaris) were conducted in southern Idaho, The No - kt/ 2.303 gives the expreSSion, No = Nt/1-10-kt/2,aO~),
experimental sites were interspersed in an area bordering the Hence, for a I-week period of incu,bation ,at 35C (k = 0,054),

Snake River and extending from Caldwell to Idaho Falls (ap- No = 19,05 Nt- and, for a 2-week mcubatlon, No = 9,77 Nt,
proximately 480 km). After harvest in 1972, soil borings from
each site were taken by l5-cm depths to 45 cm, Sampling was RESULTS:
restricted to plots that had received well before planting (No-
vember 1971, or early March 1972) fertilizer N rates of 0, No Estimated From ANt/AtI/2
112, and 224 kg/ha. Plots that received additional N applica- ..,
tions at time of planting were not sampled, Twenty-four cores For the Idaho soils, estImates of No denved from No =
from two replicates of plots treated alike were composited, 6.5 (~Nt/ ~t~) are shown in Table 1 as the means based ~,

giving nine samples per site (three treatments X three depths), on incubations of three soil composites from each site (:1: )A~ter air-,drying, soils ~ere ground t~ p,ass a 20-mesh.sieve, Cer- the standard deviations of the means). Illustrations of the
tam physical and chemical characterIstics of these solIs (pH and . . , ~ /
total N) are given in Table 1. procedure used m estlmabng the slope, ~Nt/t , are

Since other soils included in the present study have been de- given in Fig. 1 where the regressions of Nt on t~ are based~
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Yru.sdal. loam P-10 Id h S Ol' E a a 015
--Paw.r silt loam, P-21

. 70 70 Co 200 Second (2-wko) incubation
1 Co.lStandard d.viatian ~ Y = 0.6 + 0.98X r2= 0.96

60 0 h 0 60 of m.an ~~ (E .pt,-IScm -' rangeolX=25to
Q, D. - ISO 200)
Q, SO I SO D.pth, 30-45 cm ~~, -
~,' Z 100:: 40 ./' 40 51 <J Y = 96; X = 231

~ "r' E Initiall-wko incubation
Ii 30 ,..' 30 30 0 SO Y = 37 + 0.26X r2= 0.43

.~ ,I'Slap. = 15.6 &t (range 01 X = 60 to 450)

~ 20 " ,- 20 20 0 0" r - 0.998 Z 100 ISO 200 250 300 450
Z '

10 10 10 No From Short-term Incubation, ppm

00 1 2 3 0 Fig. 2-Comparison of the regressions of No (= 6.5 X IlNt/
0 1 2 3 0 1 2 3 IltI/2), Y, on No estimated from I-week and from 2-week

Wee k 5 Yo incubations, X, based on 72 soil samples (eight locations X
three composites X three depths) (fall sampling Idaho soilsFig. I-The relation between N mineralized, Nt, and tl/2 for 1972 ) . ' ,

two soils and three depths of sampling, based on mean
values of Nt from three incubations (fall sampling, Idaho
soils, 1972). E l.t 2 wk. c.. 300 2nd 2 wk.. . . .
th Co Second 2-wk incubationon e mean values of Nt. In Fig. 1 and Table 1 the stan- -~ 2 0 .

dd .." .5 Y=-0.2+1.01X..
oar deviations largely reflect withIn-site sampling varia- >' r' = 0.86

tlons of Nt as revealed in separate incubations of three -: .
0 Z 200 ~.

composites. I Y = 1 ~ Considering all 72 samples from Idaho (eight sites x ZO 150 . ,ET""""

three treatments x three depths), regressions of Nt on t1,2 -0; ... ~ ~ y ::;-163; x = 301

based on five consecutive incubations were highly linear in 0 .~ 0 -100 .~ FOt

2k O b omost Instances. For the 24 surface soils, the coefficient of E . ~::., Irs --w 0 Incu atlo~-

determination, r2, for Nt vs. t1,2 ranged from 0.990 to ~ so . ~r~n:le+o~.;1:20rto-7~~;

>0.999. Also included in this range were 17 samples from ~

the 15- to 30-cm layer and 13 samples from the 30- to 45- ZO 0
cm layer. For 15 of the remaining 18 samples, r2 fell be- 0 50 100 150 200 250 300 350 400

tween 0.98 and 0.99; and between 0.95 and 0.98 for the last No From 2 -wk. Incubation mthree samples from the 30- to 45-cm layer. Thus, the preci- ' pp
sion of estimating ~Nt/ ~t1,2 tended to decrease as sampling Fig. 3-Co~parisol? of the regressi°!lS of No derived from 30
depth increased probably because amounts of N mineral- weeks of incubation, Y, .on No .estlmated fr?m the first and

0

d d d ' . h d from the second 2.week incubations of 39 soils, X.
Ize ecrease Wit epth.

No Estimated from Short-term Incubations values of No estimated from the N mineralized during the
Shown in the next-to-last column of Table 1 are values ensuing 2-week incubation are remarkably similar to those

of No estimated from amount of N mineralized during the derived.from all incubations.
first 2-week incubation, following a preliminary I-week in- !he omadequ~cy of the initial incubation as a basis for
cubation. Comparison of the mean No values estimated by est!matmg No IS further demonstrated with the 39 soils
two methods, in Table 1, indicates relatively good agree- ~Flg. 3). where the regressions of No derived from 30-week
ment. Based on the nine samples from each location (three IncubatIons (11) (Table 3, Column 4) on No estimated
composites x three depths) regressions of No (=6.5 X from the first and second 2-week incubations, respectively,
~Nt/ ~t1,2) on No (2-week incubations) are summarized in are compared. In common with Fig. 2, the regressions differ
Table 2. The Y and X means are similar, and regression co- ~reatly. The mean No based on the first 2-week incubation
efficients (slopes) fall within a relatively narrow range. In IS almost twice, while the mean No derived from the sec-
fact, neither the slopes nor the elevations of the regressions ond 2-week incubation is equal to, the No derived from
differ significantly (95% level) according to analysis of long-term incubation. Although there is a considerable scat-
covariance (6). Hence, the common regression, Y = 0.6 + ter of plotted points about the regression line (r2 = 0.86),

0.98 X, best describes the relationship for all sites (72 sam- the equation, Y = -0.2 + 1.0IX, closely resembles its
pIes). In Fig. 2, the latter regression is compared with the counterpart in Fig. 2.

regression of No (= 6.5 X ~Nt/ ~t~) on No derived from
the initial I-week incubation (= 19.05 NJ. Obviously, No DISCUSSION
cannot be estimoated .or p!edicted. accurately from the The present study has demonstrated the feasibility of es-
amount of N mIneralIzed m the first week. In contrast, timating potentially mineralizable soil N, No, from amount

0
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,)f N mineralized during short-term incubation. However, (-I). The rate constant, k, is influenced markedly by tem-
the rate of N mineralization during the initial period of in- perature and soil water content. The temperature coeffi-
cubation at 35C (I to 2 weeks) often differed markedly cient, QIO' is 2 (9). Relative N mineralization is a linear 0"
from that attained in subsequent incubations. There are var- function of soil water content, expressed as percent of the l'
ious reasons why No cannot be estimated from amount of optimum for biological activity (8). c "

N mineralized during the preliminary incubation. One in- An example will illustrate how No may be employed to
volves the nature and amount of undecomposed or partially estimate N mineralization while taking into account the ef-
decomposed plant residues present in the soil. For example, fects of temperature and soil water content. For a given
decomposition of residues having low C/N ratios (e.g., weekly period, assume that antecedent potentially miner-
alfalfa) might well result in mineral N accumulation in alizable N = 200 kg/ha; average temperature = 25C; av-
excess of that mineralized from soil organic N. On the erage soil water content = 75% of field capacity (field
other hand, high-C/N residues (wheat straw) would tend capacity is considered to be optimum for N mineraliza-
to immobilize mineral N produced by the soil during initial tion). At 25C, k = 0.027 weeks-1 (11), and the amount
stages of decomposition. Factors affecting N mineraliza- of N mineralized during J week, kN, at optimum soil water
tion-immobilization relationships in various systems of soil content is 200 X 0.027, or 5.4 kg/ha. At 75% of field ca-
and crop residues have been discussed by Bartholomew (2). pacity, however, the amount mineralized is 0.75 kN, or

Although the populations of microorganisms responsible 4.J kg/ha. Estimates based on daily average temperatures
for ammonification and nitrification in soils normally do and soil water contents might be more appropriate than
not appear to be primary limiting factors in N mineraliza- weekly estimates in certain instances. Although the validity

Ition, the p.ossibi!ity. that initial lag~ in ~ctivity might inf.lu- of th~ !orego!n~ views .has not yet been verified under field
ence N mIneralIzation rate, especIally m subsurface soIls, condItIons, lImited evIdence from greenhouse studies in-
should not be ruled out on the basis of existing information volving fluctuating temperature and near-optimum soil wa-
(J). Another factor often considered to exert a dominant ter tends to support the concept (10). ;;;;influence on initial N mineralization rate is the method of '

pretreating the soil before incubation (4). For example, ACKNOWLEDGMENT
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